High altitude pulmonary edema: hemodynamic aspects.
Over 30 years ago hemodynamic studies on patients with high altitude pulmonary edema (HAPE) excluded the prior contention that the basic cause was left ventricular failure and correctly implicated the pulmonary circulation as the culprit. Physiological studies during the acute stage have revealed a normal pulmonary artery wedge pressure, marked elevation of pulmonary artery pressure, severe arterial unsaturation, and usually a low cardiac output. Pulmonary arteriolar (pre-capillary) resistance was elevated. A working hypothesis of the etiology of HAPE suggests that hypoxic pulmonary vasoconstriction is extensive but not uniform. The result is overperfusion of the remaining patent vessels with transmission of the high pulmonary artery pressure to capillaries. Dilatation of the capillaries and high flow results in capillary injury with leakage of protein and red cells into the alveoli. While hypoxic vasoconstriction appears to be the major cause of patchy vascular obstruction the occurrence of thrombi in the pulmonary vessels may also play a role in more severe and advanced cases. The above concept of the mechanism of HAPE has been further supported by animal studies showing pulmonary edema occurring when increased pressure and flow is produced in a portion of the pulmonary vascular bed. Clinical studies which have supported this concept include the susceptibility to HAPE of patients with an absent pulmonary artery, pulmonary edema occurring in pulmonary embolism, following removal of pulmonary arterial thrombi and following balloon dilatation of stenoses of branches of the pulmonary artery. In addition to those hemodynamic factors an increase in capillary permeability due to cell derived products resulting from capillary wall injury is an important aspect of edema formation.